Abstract Objective: The objective of this study was to investigate the diagnostic discordance of osteoporosis by quantitative computed tomography (QCT) and dual-energy X-ray absorptiometry (DXA) in Chinese elderly men. Methods: A total of 313 males older than 60 years, who underwent both spinal QCT and lumbar spine and hip DXA in our department, were included. The diagnostic criteria established by the World Health Organisation in 1994 were used for DXA to diagnose osteoporosis, and the criteria recommended by the International Society of Clinical Densitometry were used for QCT. The osteoporosis detection rate by the two techniques was calculated, and the difference was compared. The minor discordance was considered present when the different diagnostic classes between the two techniques were adjacent. Major discordance was present when the diagnosis by one technique was osteoporosis and the other was normal. The computed tomography images were reviewed by radiologists to assess whether vertebral fracture, aorta calcification or degeneration was present. Results: In the 313 participants (mean age, 79.6 AE 7.2 years), the osteoporosis detection rate was 10.9% for DXA (lumbar spine and hip) and 45.1% for QCT, a significant difference (p < 0.001). The major discordance, minor discordance and concordance of diagnosis between the two techniques were seen in 8.3%, 50.8% and 40.9%, respectively. QCT detected osteoporosis better than DXA. The causes of this discordance were degeneration of spine, abdominal aorta calcification and vertebral fractures. Conclusion: Our study demonstrated that discordance was common when using QCT and DXA to diagnose osteoporosis and that spinal degeneration, aorta calcification and fracture obscure
the bone mineral density measurement of spine by DXA. QCT is a more sensitive method of choice to identify osteoporosis in elderly Chinese men. The translational potential of this article: This study investigated the diagnostic discordance of osteoporosis by quantitative computed tomography (QCT) and dual-energy X-ray absorptiometry (DXA) in Chinese elderly men. The results demonstrated that QCT is a more sensitive method of choice to identify osteoporosis in elderly Chinese men. This work may help clinicians make an appropriate choice of technique for the accurate diagnosis of osteoporosis and identify the patients at high risk of osteoporosis who should be treated early to prevent fractures. This may influence the therapeutic plan and the overall prognosis of patients. ª 2018 The Authors. Published by Elsevier (Singapore) Pte Ltd on behalf of Chinese Speaking Orthopaedic Society. This is an open access article under the CC BY-NC-ND license (http:// creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Osteoporosis is defined as a systemic skeletal disease characterized by low bone mass and microarchitectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fracture [1] . Osteoporotic fracture is one of the most severe diseases in the elderly with high morbidity and seriously decreased quality of life [2] . There are many similarities between male osteoporosis and female osteoporosis, but there are still significant gender differences in aetiology, pathology and epidemiology. Most studies have focused on osteoporosis in postmenopausal women, whereas male osteoporosis is relatively ignored and undiagnosed.
With the ageing population in China, the prevalence of osteoporosis-related fractures, including spine, hip and forearm fractures, might increase dramatically [3] . Patients at high risk of osteoporosis should be identified and treated early to prevent fractures. Osteoporotic fracture results from loss of bone strength, which relates to bone quality, bone density and bone geometry. Bone mineral density (BMD) is considered to be a surrogate for bone strength and is now regarded as the most important measurement for predicting osteoporotic fractures [4, 5] .
Measurement of BMD is a central component in the diagnosis of osteoporosis. Dual-energy X-ray absorptiometry (DXA) is a well-established technique for BMD assessment and has been widely used in clinical diagnosis. However, it expresses the results as areal density, including both cortical bone and trabecular bone. Quantitative computed tomography (QCT) is a truly threedimensional technique for quantifying volumetric trabecular bone density that is not affected by spine degeneration and abdominal aortic calcification. Recently, QCT has been generally recognized for the diagnosis of osteoporosis [6, 7] .
The BMD results measured by DXA and QCT cannot be compared directly, and sometimes, the diagnosis indicated by BMD findings differs between the two techniques. This discordance may affect the diagnosis and therapeutic plan in an individual person. Therefore, we investigated the diagnostic discordance of osteoporosis between QCT and DXA in Chinese elderly men.
Materials and methods

Participants
The participants of our study were a convenience sample from the outpatients and inpatients of the Geriatrics department of Beijing Jishuitan Hospital between October 2011 and September 2014. A total of 313 consecutive elderly men underwent both spinal QCT and DXA in the spine and hip in our department within two months. All participants completed a standardized questionnaire before their scan (including age, medical history, drugs, smoking, etc.). Height, weight and body mass index (BMI, kg/m 2 ) were measured. Study exclusion criteria included use of a bone active agent or hormone therapy, a history of multiple myeloma, rheumatoid arthritis, ankylosing spondylitis, systemic lupus erythematosus, connective tissue disease, metabolic and endocrine diseases and bone tumours.
BMD measurements by DXA
BMD data were obtained using a Prodigy DXA scanner (GE Healthcare, Madison, WI, USA) and analyzed using the manufacturer's software. Vertebrae from L1 to L4 and the left hip were scanned in the supine position using posteroanterior projections. The femoral neck and total hip were selected as the regions of interest in BMD measurement in the hip. T-scores were based on the reference ranges published by Cheng et al. in 2007 [8] . The lumbar spine Tscore and the lower T-score at the femoral neck and total hip sites were used to diagnose osteoporosis.
QCT measurements
Spine QCT images were obtained by using Aquilion 64-slice CT scanner (Toshiba Medical Systems, Tokyo, Japan) with a Mindways QCT Pro system (Mindways Software Inc., Austin, TX). Vertebrae from L1 to L4 were scanned in the supine position. Images were analyzed using the Mindways software. The BMD of L2-4 vertebral body was measured separately, and the mean value was calculated. An elliptical region of interest was placed in the central plane with a thickness of 9 mm of the vertebral body in the trabecular bone area, avoiding the cortical bone of the vertebrae and the vertebral veins. Fractured vertebrae were excluded. The computed tomography raw images were reviewed by two experienced radiologists blinded to the DXA or QCT BMD results to assess whether spinal degeneration, abdominal aortic calcification (AAC) or vertebral fractures were present. Any divergence was resolved by consensus.
Diagnosis of osteoporosis
We used the diagnostic criteria established by the World Health Organisation in 1994 for DXA (T-score À2.5 standard deviation (SD) indicates osteoporosis; À1.0 SD to À2.5 SD indicates osteopenia; !À1 SD indicates normal) [9] . The criteria suggested by the International Society for Clinical Densitometry in 2007 [6] and by the American College of Radiology in 2008 were used for QCT [7] . For the spinal trabecular BMD, the thresholds were <120 mg/cm 3 for osteopenia (equivalent to a DXA T-score of À1.0 SD) and <80 mg/cm 3 for osteoporosis (equivalent to a DXA T-score of À2.5 SD).
Discordance in the diagnosis of osteoporosis between DXA and QCT was divided into two groups: minor and major according to Woodson's definition [10] . Minor discordance happens when the different diagnostic classes are adjacent, i.e., the patient was diagnosed with osteoporosis by one technique and osteopenia by the other or osteopenia by one technique and normal by the other one. Major discordance was defined when the diagnosis by one technique was osteoporosis and the other was normal.
Statistical analysis
SPSS for Windows statistical software (version 19.0 SPSS Inc., Chicago, IL,USA) was used for statistical analyses. The difference between the detection rates of osteoporosis for DXA versus QCT was analyzed using the Chi-square test. A p value < 0.05 was taken to indicate statistical significance.
Results
The 313 male participants ranged in age from 60 to 97 years (mean, 79.6 AE 7.2 years). BMI ranged from 13.4 to 31.5 (mean, 24.3 AE 3.2). Thirty-four participants were diagnosed with osteoporosis by DXA at either the lumbar spine and/or hip, and 141 were diagnosed with osteoporosis by lumbar spine QCT. The detection rate for osteoporosis was 10.9% for DXA (at either the lumbar spine and/or hip) and 45.1% for QCT, a statistically significant difference (p < 0.001). The comparison of the detection rate of osteoporosis between QCT and DXA is presented in Table 1 .
Among all 313 participants, a diagnostic discordance between DXA and QCT was observed in 185 (59.1%) participants, including 26 (8.3%) cases of major discordance and 159 (50.8%) of minor discordance. The other 128 (40.9%) participants had concordant findings. Among the 26 participants with major discordance, 25 were diagnosed with osteoporosis by QCT but normal by DXA, and only one was diagnosed with osteoporosis by DXA and normal by QCT (Table 2) . A total of 114 (36.4%) were diagnosed with osteoporosis by QCT but not by DXA (DXA osteopenia or normal). Of these, 17 (17/114) were found to have severe vertebral compression (the vertebral compression rate was more than 40%) or vertebral fractures. All 114 (114/114) had degeneration of lumbar spine (osteophytes, end-plate sclerosis, ossification of the spinal ligament or facet joint osteoarthritis), and 74 (74/114) had AAC. Some examples of diagnostic discordance of osteoporosis by DXA and QCT are presented in Figure 1 .
Discussion
DXA and QCT are the most commonly used clinical techniques for BMD measurement [11] . The BMD value obtained from DXA is the areal bone mineral density measured in g/ cm 2 , and QCT allows measurement of volumetric bone mineral density measured in mg/cm 3 . Several studies have focused on the comparisons between DXA and QCT applications [12e14]. Li et al [15] found that the detection rate of osteoporosis in postmenopausal women was significantly higher by QCT than by DXA. Our study demonstrated that a discordance in the diagnosis of osteoporosis between DXA and QCT was observed in 185 (59.1%) elderly men, and spinal QCT detected osteoporosis more frequently than spinal and hip DXA in elderly men (45.1% versus 10.9%). , the diagnosis by QCT was osteoporosis and the diagnostic discordance was minor discordance. The image obtained by QCT showed compression fracture of L1 and AAC. (B) A 70-year-old patient; the T-scores for lumbar spine DXA and hip DXA were À1.36 and À1.92, respectively, and the diagnosis by DXA was osteopenia. The BMD measured by QCT was 37.5 mg/cm 3 , the diagnosis by QCT was osteoporosis and the diagnostic discordance was minor discordance. The image obtained by QCT showed multiple vertebral compression and fractures and AAC. (C) An 81-year-old patient; the T-scores for lumbar spine DXA and hip DXA were 1.01 and 0.38, respectively, and the diagnosis by DXA was normal. The BMD measured by QCT was 76.2 mg/cm 3 , the diagnosis by QCT was osteoporosis and the diagnostic discordance was major discordance. The image obtained by QCT showed osteophytes, ossification of anterior longitudinal ligament and AAC. (D) a 72-yearold patient, the T-scores for lumbar spine DXA and hip DXA were À1.52 and À2.65, respectively, and the diagnosis by DXA was osteoporosis. The BMD measured by QCT was 126.2 mg/cm 3 , the diagnosis by QCT was normal and the diagnostic discordance was major discordance. AAC Z abdominal aortic calcification; BMD Z bone mineral density; DXA Z dual-energy X-ray absorptiometry; QCT Z quantitative computed tomography.
There are some possible causes for the occurrence of discordance: (1) The DXA measurement includes both cortical and trabecular bone, whereas QCT quantifies the trabecular bone density. Trabecular bone is known to have a more rapid rate of age-related loss than cortical bone. This may diminish the sensitivity of DXA for assessing osteoporosis [16, 17] . (2) The BMD measurement by QCT is in the central plane of the vertebral body (a thick slice of 9 mm). The measured results may be affected by an uneven distribution of trabecular bone in the whole vertebral body. (3) Previous studies have shown that spinal degeneration and AAC may be associated with the overestimation of BMD and the underestimation of osteoporosis by posterioranterier spine DXA [18e20]. Given the effect on lumbar spine DXA BMD, some researchers have suggested that DXA of the hip should be used for identification of osteoporosis in the elderly [21] . In our study, the detection rate of osteoporosis by hip DXA was significantly higher than that obtained by lumbar spine DXA (p < 0.001), demonstrating that the hip is a particularly important site for DXA measurement to diagnose osteoporosis. But, in this research, neither hip DXA nor lumbar spine DXA was superior to QCT for detecting osteoporosis. In addition, our results show that all the 114 participants diagnosed with osteoporosis by QCT but not by DXA had degeneration of lumbar spine (osteophytes, end-plate sclerosis, ossification of the spinal ligament or facet joint osteoarthritis) and that 74 (74/114) had AAC (Fig. 1A,B,C) . This indicates that QCT performs better than DXA in detecting osteoporosis in elderly men with lumbar spine degeneration and AAC.
In our study, the concordance rate for the diagnosis of osteoporosis between QCT and DXA in elderly men was 40.9%, and diagnostic discordance was observed in 185 (59.1%) participants. Most of these discordances (50.8%) are minor discordance, presenting a difference of only one class. Among the 26 participants with major discordance, 25 were diagnosed with osteoporosis by QCT but normal by DXA (Fig. 1C) , about 8.0% (25/313) of our total cases. Only one was diagnosed with osteoporosis by DXA with a diagnosis of normal by QCT (Fig. 1D ). Seventeen cases with severe vertebral compression or vertebral fractures were diagnosed with osteoporosis by QCT but not by DXA (Fig. 1A and B) . This discordance may influence the therapeutic plan and the overall prognosis of patients. This indicates that using DXA alone to diagnose osteoporosis may lead to the condition being missed and DXA is not sufficient to account for all spectra of fracture risks in elderly men.
Recently, some researchers have been studying the application of computed tomography in measuring bone strength and predicting fracture [22e24] . These studies have shown that in addition to measuring BMD for detecting osteoporosis, QCT has the unique ability to provide information on anatomical morphology and get many quantitative parameters about bone health with a single scan, without causing pain due to movement especially in the elderly and those with fractures (such as identifying the details of vertebral fractures [25] ).
This study has some limitations. The first is that we could not rule out the possibility of referral bias for this study. As the study was performed in a hospital in Beijing, it limited the interpretation of the results to other regions and nations in China. The second is we did not perform the statistical analysis about the possible risk factors to the diagnostic discordance. And, the importance of existing discordance on the prognosis and fracture risk of patients needs further prognostic studies with long follow-up designs.
In summary, our study demonstrated that discordance was common when using QCT and DXA to diagnose osteoporosis and that spinal degeneration, aorta calcification and fracture obscure the BMD measurement of spine by DXA. In Chinese elderly men, QCT is the more sensitive method of choice for measuring BMD.
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